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Linearized theory for compressible unsteady flow 1s used to treat
the problem of a partisl-span rectanguler control surface, hinged at its
leading edge and mounted on a rectangular wing, oscillating in supersonic
flow. The motions of the wing-aileron configuration are assumed to consilst
of verticel translation, pitching, and aileron rotetion. The velocity
potentials for this configuration are derived as power series in terms
of a frequency peremeter to the fifth power of the frequency of oscilla-
tion. ZFrom these potentials closed expressions for section force and
moment coefficients at any spanwise location are derived. The section
force and moment coefficients are employed in a particular flutter study
in which the spanwise posltion of the aileron is varied.

INTRODUCTION

The problem of the oscillating rectangular wing in supersonic flow
has been investigated in several pepers (refs. 1 to 4). In reference 1
the veloclty potential was derived as a power series in terms of a fre-
quency perameter for vertical translation and pitching oscillations, and
expressions for the aerodynamic derivatives to the third power of the
frequency were presented. The aerodynemic derivatives obtained in ref-
erence 2 were presented in the form of double integrals. Reference 3,
employing the Laplace transform, presented the disturbance velocity poten-
tial as a definite integral. This last result was used in reference 4
to derive the complete series expansion in terms of frequency for the
disturbance velocity potential from which aerodynamic derivatives of the
kind given in reference 1 were obtalned to the seventh power of the
frequency.

The problem of a rectanguler control surface mounted on a rectangular
wing, which is a logical extension of the wing problem, is the subject of
the present paper. This configuretion (herein designated as s rectangular
"wing-aileron") has been considered for steady flow in a number of papers,
for exemple, reference 5. The unsteady-flow problem was considered in
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reference 6 for a control surface hinged at its leeding edge, with the
outboard edge at the wing tip and the gap between it and the wing at the
inboard edge assumed to be sealed. The résults of reference 6, expressions
for forces and moments on spanwise strips, are presented in the form of
double integrals. A later peper, reference T, applied thesé results to
obtain expressions for total aerodynamic derlvatives for a wing-alleron
combination. - -

In the forms presented the results of references 6 and 7 are not

particulerly useful in flutter asnalyses etmploying beam theory, since
this type of analysis calls for spanwise distributions of air forces and
moments. In the present paper the configuration of reference 6 i1s con-
pidered and, by extending the methods of references 1 and 4 to include
~a control surface, the expressions are obtalned for the section lift and

moment coefficients at any spanwlse station of the wing-ailleron configura-
tion from power-series expansions of the veloclty potential in terms of
a frequency parameter. The expressions presented include terms to the
fifth power of the frequency of oscillation. To gain some insight into
the oversll effect of aspect ratio upon the forces and moments, expres-
sions are also given for the total forces and moments of the wing-sileron
combination.

The spanwise variation of the 1ift and moment coefficients developed
in the present peper are shown for a set of conditions. The section force
and moment coefficlents are applied for a single Mach number to illustrate
the flutter characteristics of some configurations having pertisl-span
allerons for three degrees of freedom. A comparison is provided with
gimilar calculations involving two degrees of freedom.

SYMBOLS
A aspect ratio of wing
b semichord of wing
c speed of sound in undisturbed medium
* ‘/B
Fn(x,y) = J[\ xB-lgin-1/EY gy
0 X
w_ [ By

- -1 :.-1
Fn = ‘/O X*"+sin - dx
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X3 /
an = ‘/; xA=lgin-1 B?ydx

Fp = Fr(L,y)

h vertical displacement of axis of rotetion, positive downward

ﬁ,&,é time derivatives of h, «, and B, respectively

Iq, moment of inertie of wing-aileron combination sbout elastic
axis per unlt span length

Ia moment of inertia of aileron sbout x; (hinge axis) per unit
span length

Jo( ) Bessel function of zero order (first kind)

k reduced frequency, ba/V

Li,Mi,Ny components of section force and moment coefficients
(1=1,2, ... 6 as defined in eq. (26))

ii,ﬁi,ﬁi components of total force and moment coefficlents
(i=1,2, ... 6 as defined in eq. (33))

m mass of wing-aileron combinstion per unit span length

M Mach number, V/ec

M, aerodynemic section moment on wing about wing axis of rotation,
positive leading edge up

ﬁa total aerodynemic moment on wing about wing axis of rotatilon,
positive leading edge up

Mg aerodynemic section moment on eileron about its hinge, positive
leading edge up

ﬁ& total serodynamic moment on aileron about its hinge, positive
leading edge up

el local pressure difference between upper and lower surfaces,

positive downward
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P aerodynamic sectlion normal force, positive downward
P total aerodynamic force on wing, positive downward -
rq, radius of gyration of wing-aileron combination referred to

xo;\/Imhmz

reduced radius of gyration of alleron referred to x; \/IB/mb2

B

SB static moment of aileron per unit span length referred to x4

t time

v flight veloceity

W vertical velocity at surface of wing

X,¥,2 rectangular coordinates attached to wing moving in negative
x-direction

Xgo coordinate of wing axis of rotation .

X1 coordinsate ‘of alleron hinge -

Xo = X - X3

X3 = 1- Xy

Xq, location of center of gravity of wing-asileron combination

referred to Xo

XB reduced location of center of gravity of sileron referred
to Xy5 SB/ﬁb
¥y spanwise locgtion of inboard aileron tip
a angular displacement of wing about wing axis of rotation,
positive leading edge up
, -
B = M2 -1 <
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o} angular displacement of aileron, measured relstive to «a,
positive trailing edge down

K = ﬂpbe/m

density of the medium

¢ disturbance velocity potential

¢5 subsidiary velocity potential associated with alleron position
¢é subsidlary velocity potentlal associated with aileron motion
w circular frequency of osclllation

o= bf%n/VBz

ay, first natural bending frequency of wing

Uy, first natural torsion frequency of wing

Wy, natural rotational frequency of aileron

ANATYSIS

Outline of Problem

Consider a thin, flat, rectangular wing-aileron configuration moving
at a constant supersonic velocity V, as shown in figure 1. The Mach lines
emanating from the foremost points of the wing and aileron tips divide
the configuration into various regions. The potentials for the various
regions of the wing delineated by the Mach lines from the wing-leading-
edge tips have been derived and discussed in several pspers (refs. 1 to 4).
This paper will deal with the potentials for the various regions delineated
by the Mach lines from the aileron leading-edge tips. A restrictive con-
dition for the present treatment, similaer to that employed for the treat-
ment of the rectangular wing in reference 1, 1s that the Mach line from
the foremost point of one aileron tip does not intersect the opposite +tip.
ahead of the trailing edge.

A rectanguler coordinste system x,y,z, moving uniformly with the
wing in the negative x-direction, is adopted so that the xy-plane is
coincident with the mean position of the wing, and the origlin is taken
at the intersection of the wing leading edge snd the wing tip. The out-
board edge of the aileron is coincident with the wing tip (y = 0), and
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the inboard edge (y = y;) eadjoins the wing proper. (This seme configura-

tion is treated in ref. 6.) The alleron is hinged at its leading edge,
and the gap at ite inboard edge is assumed to be sealed.

The wing-aileron combinstion 1s considered to be performing the
following types of small-amplititde harmonic oscillations with frequency w:
vertical translation h and pitching o about a spanwise axis x5. In

addltion the alleron is allowed to perform a Totational oscilliation about
& spanwise axis xj. The vertical displacement at any chordwise point x
of the wing-alleron 1ls therefore . .

=h+ alx - x5) + 8(x - x7) (1)

where the & +term vanishes for x< x3 or y > y,. The normal velocity

at any point of the wing-aileron may then be expressed as
= h + Vo + ax - Xo) + VB + 8(x - x1) (2)

The velocity potential for the wing-aileron configuration msy be
expressed as the sum of separate effects due to position and velocity
of the configuration assoclated with the individuel terms in equation (2)
as _

§=0n+ o+ Ps+ P (3)

The first three terms on the .right side of equation (3) apply to purely
wing oscillations and were treated in power-series form in reference 1
to the third power of the frequency and in reference 4 to the seventh
power. The last two terms on the right side apply to control-surface
oscillatlons and will be treated in the following section.

Aileron Veloclty Potentials

Consider the flow field of the ailéron, for which @5 end @

are the velocity potentials. The field is divlided into three regions
(fig. 1): region I behind the outboard Mach line, region IIT within

the inboard Mach cone, and region II which is the remaining part of the
control surface. Expressions for the velocity potential in these various
reglons will now be obtained.
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Regions I and II.- In accordance with linearized theory the velocity
potential for regions I and IT can be obtained directly from the velocilty
potential of a semi-infinite rectangular wing. This ls because the alleron
is not affected by the presence of the wing when the wing is at constant
zero angle of attack and 1s therefore essentially s wing itself.. The
boundary-value problem for the semi-infinite rectangular wing was solved
by means of the Laplace transform in reference 3. The transform of the
velocity potential was obtained in the form

d W ﬁ/2 - 2g
(¢)FO=-%%—%L LY Becte o

where

and where the bar above w, ¢, and x denotes the Laplace transformation
of these terms with respect to x.

Employing the & and & components of equation (2) in equation (4)
and applying the inverse Laplace transform (pairs 55 and 84, pp. 298-299,
ref. 8) result in the following expressions for the aileron potentials @

end ¢§ in regions I and IT:

M) =

X-X - - -
P = _%5_ j; * JO<.“E) 2 J; JO(% \/x2 - Beyzsecl*e>de e~taxgy

(5)
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,;:) X-X7 NX = 2 sec"lﬁ?— mn .
. ax y -ig
O TR JO<§ R i

- X -
=_§(x_x)f le :Uﬁ)e-iaxd_x fxxl &) o ~1ax
1, 0 ‘- xJO_e dx -
B o M o M

ey e et _
-,%/; /;) f; Jo<§\/x2 - [.’5ayzsecl"e)d.ee"j-‘m(éLx)2 (6)

where

et
2
vB

o=

Note that the upper limit of the second integral, which is within
the brackets of equation (5), will vanish when x equals By. This
indicates that the second integral represents the correction to the
"purely supersonic" disturbance potential needed to compensate for the
flow eround the wing or alleron tip. The first term 1s the purely super-
gonic disturbance potentlal obtained in reference 9.

The indicated integrations in equations (5) and (6) do not appear
+o0 be obtaineble in terms of known functions. For purposes of eveluation,
however, these equatilons cen be expanded in a power series and terms can
be retained to any desired power of the frec}uency paremeter . For '
region II, the reglon of "purely supersonic’ flow wherein x 2 By, equa-

tions (5) and (6), expanded to @, yleld

Ps = - %9 £i(xp) N
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ds = -g— fa(xp) (8)

where

ﬁ&)=x—3§f-§i4%2+ﬁa- ;%2+5)+—7Fwﬁ+h%2+3ﬁ-

155x0
576014+

1% (gplt + 56p2 + 63) (9)

X
fo(x) = fo £y (x)ax . (1)

and Xp =X - x;. For region I, the region of "mixed supersonic" flow,
equations (5) and (6) yield

P = - 2—2’—6- A (x0,¥) (11) _
gs - - 2% 5 (22)
5 =" T 2 Xa;.’f)
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where

. -2 =
M (x,y) = § F, - 13Fp - #(XFQ + B2F3) + %‘a%[ﬁaFg + (282 - l)Fh:l +

L -
-E’—[ 3(4p2 + 5)Fp - 3xFy + 232F5] - i[sxl*(haz + T)Fp -
el T 96aM’*

30x2F;, + (8% - b2 + 3)%} (13)
X
Ao (3,y) = fo Ag (,7) dx (1k)

The functions f£3(x), £a(x), M(x,y), and No(x,y) were given to the
seventh power of ® in reference T and are repeated here to &5. In
equations (13) and (14)

X
Fo(x,y) = f xB-1 Bin'l\/-@% ax
0

and

X
d/‘ men(x:Y) = = me*l - Fm+n+1>
0 m+ 1

Further informetion regarding these F, functlons can be found in ref-
erences 1 and 4.

The above equations could have been obtained from the equations of
references 1 and 4 by substituting & for «, O for x5, and xo

for x. In other words, to obtain @5 and @3, the aileron in super-

sonic flow mey be consldered as a rectangular wing rotating about its
leading edge insofar as reglons I and II are concerned.
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Region III.- The problem of determining the velocity potential for
region ITT may be complicated by the existence of f£flow about the inboard
tip of the aileron. The present treatment of the problem avolds this
complication by assuming the gap between aileron and wing to be sealed
as was done in reference 6.

The veloclty potential for region III can be obtained from refer-
ence 9. In reference 9 the potential of & "mixed supersonic" reglon at
the tip of a rectangular wing in supersonic flow was considered. If
this region is assumed to be part of a "purely supersonic” region, an
approximation for the wvelocity potentlal in reglon III can be obtained.
Although the expression so obtained was an approximation for the velocity
potentisl in the tip reglon then under considerastion, it 1s precisely the
potential for region III of the current problem. Thils expression, as
applied to the present case, is

X - b1 -
¢ = 2 (Vs + §é)e'iw(x2'§)f cos[%(xa - t)sin G_Jde ag -
0

8 cos-l Eyg_ .

._XE— y . - - -

L 2 (v + gs)e-iw(X2-§)f *2-¢ cos[-@(xa - t)sin eilde e
Brdo 0 M

Xp-By cos=1 Pyp_
d 2— - - - -
L (v + gs)e‘i‘”(xa‘ﬁ)f *xpt cos[Q(x'a - t)sin _e]de at
B 0 0 M
(15)
where
Yo=¥1 -7

(This expression for the potential applies to those points of region III
that are on the wing as well as those on the control surface.)
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The first term on the right-hand side of equation (1?) is the sum
of the potentials @5 and @§ of the "purely supersonic’ region,

region II, given in expanded form in equations (7) and (8). The calcula-
tlion, therefore, of only the second term is necessary. After expansion
of equation (15) in a power series to the fifth power of &, the velocity
potentials for region IIT can be expressed as

By By x
@ = LA <.3: + L sin-1 ——?-)fl(xg) + —2 cosh™1 2 f3(.V2) -
1 Xo T

ﬁlygl

22\ (%o - By® Ns(xp,v2) (16)

g =- 2 4% + 2 sinL P2l (xo) + P22 cosnl 22 xof3(y2) + fy(v2)| -
B 7t Xp 3 BlyQI

B2

— X22 - 32Y22 M (xp,¥2) (1)

where

(18)

£y (yo) = - (19)
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and

Ms(x2,¥2) =

7\)4_ (XE: Ya) =

- ax 189% ,2 139B9y o=
Ly —2(2+ 3) - ——2(282 + 17) - —— (282 - 1) -
124 kM T2

c_uhx Zbll'xzﬁzy 2
—Z (2% + 4op2 + 45) - —2 2 (34 - 10) +

960M* 960M*

1% 139x 2
72 (gt 4 29682 4 453) + —aaﬁay—‘g(léfs2 - 82 - 219) +
28800MH 3200MH*

5.4 L

138y
2 (gt - 1p2 4+ 3) (20)
10800M*
=+ + ( + 5) - + 1) -

23 - e 2hy®

-3 3 TP AR B a2

lorx 1orx-8"y

2 (4p2 4 p5) - 2P V2 (1052 a0y -

720M° T20M

N 22 2

n'x Xn BY
——2 (ugh + 5682 + 61) 2 "2 (118% - 882 + b3) +
s760M* geuoM*t

ik b

wPp Yo (8% + Lg2 - 1) (21)
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Other regions.- Two other types of reglons are possible. One
reglon is formed when the Mach line from the lnboard edge of one aileron
intersects the lnboard edge of the aileron on the opposite side of the
wing. This type is not of practlical interest, however, since the inter-
ference effects of the fuselage bebween the allerons would be of far
greater importence. The other type of reglon, formed when the Mach lines
from the tips of one aileron intersect on the alleron, presents no diffi-
culties. The potentlel in this type region 1s simply the sum of the
expressions for the potentlial in reglons I and III minus the potential
for region IL. This parallels directly the treatment of region T3 in

reference 1.

Expressions for the veloclty potentisls due to alleron motion have
been provided for all regions in the field of flow of the aileron (see
eqs. (7), (8), (11), (12), (16), and (17)). The aforementioned equations
are in terms of known integrable functions and, as subsequently shown
in the following section, yield force and.momént coefflclents for a
chordwise strip that are valld for sufficiently small values of the
parsmeter .

Section Forces and Moments

Expresslons for sectlion force and moment coeffilcients for any
station along the span are derived. In deriving these expressions the
variasbles X, ¥, Xo, and X7 are employed as nondimensional quantities

obtained by dividing the variasbles previously used by the wing chord Z2b.
The local perturbation pressure difference between the upper and lower
surfaces of the wing may be written as A

2b Ox

bp = -2p<i + — éﬁ) (22)

where p 1s the density of the medium. The section force (positive
downward) on the wing is therefore '

1 _
P=2bf o dx (23)
0
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The section moments (positive leading edge up) acting on the wing section
about the wing axis of rotation x, and on the aileron section about the

hinge point x; are, respectively,

1

Mg, = lx-bzf (x - x0)lp dx (24)
0
1

My = W2 [ (x - x)lp ax (25)
X1

After substituting equations (3) and (22) into equations (23), (24),
and (25) and performing the indicated integrations, the resulis may be
written as

P = —hprekE[%(Ll + 1iLp) + a(L3 + iTy) + 8(L5 + iL6{] = -pV2’ocz

-
My = -Lpb2V3k? %(Ml + iMp) + oMz + 1My) + B(Ms5 + mg)} = 2pVabZcy,

r (26)
= 2v2. 21h
Mg = -hpb<VK=[=(Ny + 1Np) + a(N3 + 1Ny) + 8(N5 + iNg)
= 2 v2p2
= 2(1 - x1)%pVebTey
J
The terms Ly, M;, and N; (where i=1, 2, . . . 6) are the in-phase

and out-of-phase components of the force and moment coefficients; the
odd-number subscripts are the in-~phase components and .the even-number
subscripts are the out-of-phase components. Terms with subscripts 1L
end 2 are associated only wlith vertical translations of the wing.
Terms with subscripts 3 and U4 are associated with angular position
and rotation of the wing about x = x,. Indices 5 and 6 "are associ-

ated with the angular position and rotation of the control surface
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about x = .Xj. As may be seen rfrom equation (26), the forms Ly, My,

and Nji, which have been used in studiles of unsteady flow, can be readily
converted to the conventional section coefficients for 1ift ¢, pitching

moment ¢y, and aileron hinge moment cy. )
Expressions for the coefficients of equation (26) differ for the
various reglons of the wing and aileron. Coefficients assoclated with
wing motion, nemely I3, Lp, Lz, Ly, M1, Mp, Mz, and M}, were
given to the third power of the frequency parameter ® in reference 1
and were extended to the seventh power in reference 4. For completeness,

however, these expressions are repeated to the fifth power of ® in the _

appendix to this paper. - _ :

The remeining coefficients can be divided into two groups: (1) those

which show the effect of wing motions h and o upon the aileron
moment Mg, namely Ny, No, Nj, and Ny, and (2) the aileron section

coefficients due to the alleron potentials ¢5 and ¢é, namely L5, Lg,
M5, Mg, N5, end Ng. Expressions for the coefficlents in each of these

groups for the various regions of the wing-aileron combinstion wlll now _

be gilven.

Aileron coefficlents N;, Np, N3, Ny due to wing motlon.- For

the section coefficients Ny, Np, N3, and Ny, the aileron 1s divided

into three regions (fig. 2). Reglon 1 includeés all sectlons outboard
of the point where the wing-tip Mach line crosses the aileron hinge,
region 3 comprises all sections inboard of the point where this Mach
line crosses the tralling edge, and region 2 includes all intermediate
sections. The coefflcients can be expressed as follows?

1
Ny = Np' +M;' - 20919
Np = Ne' + ME' - 2XlL2'

Ng = Ng' - 2xoN)

Ny =My - 2xoNp

/

where the coefficients Mi' and I4' (1 =1, 2, 3, 4) refer to the
wing coefficlents given in the sppendix for xo = O.

)
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For region 1 where O<yc xl/B,

are calculated by using the expressions for the wing coefficients pre-
sented in the appendix (egs. (A1) and (A2)) for the reglon 0< y< 1/p
and are given as the following expressions: .

a I 1 2 L .
Ny =_Bi’; {xleFl" - —al(esa + DF" + % F5" +
: B g

M52

[xljFau _ 5x12ﬁ)+F3" + (&ll- + ll-ﬁe _ l)xth_" _ Ba(ﬁﬁ2 + 1#)F5"]}

6
38
1 1] " 2 " 1 2 rn
Np' = -é.“; (i-(xlrl - F) + ?-‘B—E[(asa - L)x %" - 63, 5"+ (hp2 4 l)Fh_] +

M"‘:kg‘[ljxlh?z" - gle(eg‘\‘ - 1“32 + 3)F)+" 5 ]*'osll.x]_F5" _ (21}511— + 82 - l)Fs"]}

' 3
" " 2x t
-NB' = M3' - 2}{11.3' + -Bll-; L:lé(xlFl - Fa ) - -71- Fl + .

C .2 " o _
i Fg"(Sﬁk +382-1) - 3 xl(652 + 5) 4 _.l_‘z(agsll- + 2182 4 3) 4
p* 82 3t
bik2'*[3'1:1.)41’:3"(1552 +5) + 2686, 975" - 2x,2) "(h0p6 + 20k - 5p2 4 3) 4
1258 _
834-*15'5"(1552 + 13) - (5636 + 6ligh 4 1182 ., l)Fs":I}

B

N = My' - 21! + 4 [_E_[Baxlaﬂ'l" - X1F2"(3l32 +1) + (262 & l)F3"] +

Bk

2 n n
%[xlﬁ'a"(ea# - 8% +.1) - 120 %bE," 4 m, ona“ + 782 - 1) -

)
90810

2a2F5"(532 + 3)] - [3@:15F2"([32 +7) + 20x;7m," (885 - ught 4

3% - 3) - 5608%, 80" + 3yRg" (16686 + Ghgh - 1162 4 3) -

87" (2862 4 19)]

17

The coefficients of equation (1)

r (28)
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where

X3,
F," = u/\ xB~1 gin=t %g dx
0 :
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For region 2 where xl/|3 <y< l/B, the terms in equation (27) are

calculated by again using the expressions for the wing coefficilents pre-
sented in the appendix (eqs. (Al) and (A2)) for the region O < y < 1/B

and yield the followlng expressions:

2x, 0 2
IR Sl I RV

385 1587

%2 Mekxlh Muk5x16 _
Np' = - + (42 + 7)
Bk o0 36p9

X12 Xl)-l. Mzkax_l6 )+
N3| = MB' - 2){11:3! + -—2- - —-—(ﬁa + 3) + —-—_—-—()'FB + 35‘32 + 55) } (29)
Bk 655 186@9 '
2}(15 Mekxl5 .
My' =Mt - 20Dyt 4+ ——(p% - 1) + (B2 + 5) -
38 1557
th5xl7
———{(4p" + U9p? + 63)

For region 3 where 1/B < y, the terms of equation (27) are obtained
by using the wing coefficients in the eppendix (eqs. (A3) and (Ak)) for

the region” y > 1/p and equation (29).
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Aileron coefficients L5, Ig, 145, M6, N5, N6 due to alleron

motion.- The expressions for the alleron coefficients L5, L6, Ms,
Mg, N5, and Ng depend upon which region (see fig. 1) contains the
trailling edge of the section.

For a section partly in region I, that is 0< y < x3/[3 (where

x% = 1 ~ x1), the coefficients are

et 1t T e x32 Tt ey
Ls'ﬁ{rlaz“'xﬁl # Bt 52 - 20 - Dl ) 0% 4 ) + e

27, (40pS + 208" - 562 + 3) + 2pMEyT I (1582 4 15)]}
r t1t 2 e
16 = %[5[2‘3’1'" B 1)] i ;—@{6’[’“‘52’2”“25‘* 625 2) - byttt B g+ 2 - )] -

i:?alﬁ5h2"'(pa +7T) + loxz%hlll(&.s _ 1'51#.', 352 -3 - 2300562515“' +16'”(158ﬂ6 - &B),. - 1182 4+ 3)]]

i[ra”' _.l‘xjif]_(” 23 2n|( " 2_q _rk“' ¥+m2+3)+ﬁ5(52+5)x]{1!u+
H5px[k2 3 + p (68% + 3p )_-(:ﬁll-mﬁ 1255[ % Fa

3&36x 5nl . 2:32&'“(1!056 + 205“ - 582 + 3) +PG‘”(55§6 +6‘$l"+3—1ﬂ2 _ l)]} + 2(x, - xO)I'5

kB F3)

——m[ax?rg'"(pa +T) + 577, (06 - gt 4 37 - 3) - 0pSg ettt 4 cphey (28?4 19)] } + 2(x - %)
kp

Fy = Ms - 2(x1 - Xp)Is

Hg = Mg - 2(x3 - )Ig

19

(30}
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where

x
Fp'''l = f 7 x-1 sin‘l\/ﬁl dx
0 X

X
For a section entirely within region II, that is -Ez-g ¥y < vy -

these coefficients become

x3 X3 k%ﬂex 2
Ly = = —(B2 +3) + ———(ua“ + 3562 + 35)
pK- 3p7 6op”

oM 6
%(hﬁ“ + hop2 + 63)

L6=——(52-1) +——(;a +5) -
kB 6p " 180p~
X2 b k2,0 . .

My = 2 - —33(;32 ¥ 3) 4 ——2-(hpt + 3592 + 35) + 2(x; - %0)Is
Bk 2B 368 -

b3 WBiccD |
Mg = —2(p2 - 1) + ——2(p2 + 5) - ——2—(43” + gp2 + 63) +
3kp” 1567 1058

2(x1 - x)1g

N5 = M5 - 2(x3 - x0)Ls

Ng = Mg - 2(x1 - %o)Lg

A am

(31)
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X b'd
For a sectlon partly within region ITI, that 1s ¥y - g <Yy <y * —Bz,

these coefficients become

3 B2y 5 |

X X k

15 =2 - 2(p2 + 3) +—3—(434+3532+55Jl+lsin'1% ¥
Bk2 3> 60g2 2 = X3

m2k2y22x32

Ng x ¥o°
2 et J2L g2 g ), BERSG
18 5Y2 k2 3 3

M2 b b'e
Y2 1562 13)} + 2B\ [xs2 02y 2 [i(lef#* + 42 - 3) 4
20 T BBL!.

M2k%c§2 6

M2y, 2
2-(108° - 2op* + 5582 & 135) - 2
1808 . 1808

(2656° + 83p* - 5082 + 50)}

(32a)

1oMx0
180p1L

Xz2 M2
I = [2-(2 - 1) + —2(p2 + 5) - (4p* + kop2 + 63)(1 4
kB2 - epT 2

X3 Byo >

5 |
Yo, [ 2 _ Bl3p2 41 WMES2 2
2y\[x5? - 8%, [ B Tig (10 - 1%+ 1) -

25,2 M3y B
2 (c0ph + 782 - 1) + ——D (836 - 36p* + 13982 + 453) +
opt 900p10
M“ij32y22
——— (1265 - 1728% + 2032 - 219) +
180p8
ol 3y b
_53(158,36

6758

2 2 L
s%sin"l Eiy‘é)+}—C-%c:osh’:ij %— EM};.YQ +5th3y2J-

+ 6ligh - 11p2 4 3)} (32b)
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2 g 1342 0 ¥y
My = XI5 (g2 4 3) + ——2{bg" + 3582 ¥ 35 N LA
pk? 287 3687 . 2 = x3
3 M2k2 2 2
8;y2_x2_ cosh™+ 3 1 - = ) 2 x32 - 5%22{12 + ﬁﬁ(Baﬁu +
By2 3 k 188

(1636 - 36g% + 8182 + 209) -

2 M
33p2 = 21) - Y2 (208" + 2162 + 3)- +
9p2 1808

M2k 2
———x-é—ziz—-(488ﬁ6 + 17284 - 972 + UT) + ——-E—y—-(56ﬁ6 + 6hph +

27056 - 1356
11p2 - 1)] + 2(xq - xo)L5 (32¢)
x5 4M2kx 50 k3% T
Mg = 5 (g2 - 1) + —————(3 BE + 5) - il(%“ + 49p2 + 63)} <%
3kp” 1587 1058

2
l sin-l 2¥2) Y2 cogn1 I3 [?XE 2 (282 + 1) - §¥EEE§EZ;F,+
X3 1t BYo 3k |

L b Ly
2 k5X52‘.Y M k3y2 (28[32 + lg)i\ _1__ 2 2 (2;32 + 1) -

———(5BL* 782 +1o)-—211—(5i32+5)+———( a6 - ehgh +
15B 582 S ghsplo

MJ"’RE 2 s
2ﬂ¥+7ﬂ)+——3?&uﬁé-l%&+emﬁ—2m)+
oL58

I
i WP 19% 52l - X6 C (m)
10682
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Ny = M5 - 2(xy - X5) L5 (32e)

Ng = Mg - 2(x - %,)Ig : (32f)

Equations (32) apply to all sections of region III - those sections on
the wing as well as those on the aileron.

The case of a section in & reglon within the Mach cones from both
X X
alleron-leading-edge tips ¥y - ?3 <y <—3-, which 1s formed when the
B
Mach lines intersect on the alleron, can be treated with the expressions
provided in this section. The coefficients for such a sectlion are obtained
by adding the corresponding expressions of equations (30) and (32) and
subtracting the pertinent expression of equations (31).
Total Forces and Moments
In order to gain some insight into overall effects of aileron loca-
tion and aspect ratio, expressions for total forces and moments are pro-

vided. The total 1ift, total wing moment, and total aileron moment,
respectively, can be written as

P = —8pb2V2k2A|:%(il + 1iLp) + oflz + 1Iy) + % 8(L5 + if.gﬂ

h'd

My, = -8pb5vzk2Al:%(ﬁl + 1Mp) + a(Ms + iMy) + Z—i— & (Ms + iﬁ6§‘ (33)

g = -8obIVok2 i-—ll:%(ﬁl + iNp) + ofliz + ify) + 8(N5 + :Lﬁg)]

where A 1s the wing aspect ratio. Expressions for the coefficients il,
Lo, .13, Ty, My, Mo, ﬂ3, and M), in equations (33) are given to the

seventh power of the frequency in reference 4. For completeness they are
provided to the fifth power of the frequency In the appendix.
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The other coefficients associated with wing motion are

- o3 M2x2x,D b M2x2, 6
N1={ L (424 5) ——b—[—(aha)- (8" +

33 1spT 3y, |2p 158
882 + 8)} +My' - 2(xy - %0)In' (34e)
3 2 MBx,t  Mi3x,6 3 M2k '
Np Eﬁ S L2 )| - 2|2 61@2+4)+
BE g% 369 1|p2 5
athic Sy T - _
(¢ 1292 4 16)] +Hip' - 20k - %o)Ep' (34p)
105310 : .
6
- Xl x Mzkg'x ).[. 2 b xl3
N ——(B2 +3) + L_(ugh + 3582 + 35)| — -
57 |:Bk2 62 18089 A
X2 - -
L (3244 + ———-————(Ss“ + 2082 + 16)] + Msz' - 2(xy - %) (I5' +
5p0 - 10510
Broly!) - 2xg(Fy - Hy') | (3he)

R PYS M3, M3, T
M, = |—2(s2 - 1) + —2-(82 + 5) - ——(4g" + Lop% + 63)) +

387k 1587 _
b i, 6 e, 8

b [;l (g2 4 2) 4 — (5B“ + 16B2 + 16)| +

Byajphe 2568 o oml2 .

My - 20xy - %) (Iy' + 2xolp') - 2xo(N2 - Mp') (344)

ot
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The primed coefficients employed in equations (34) are obtained by
replacing the wing aspect ratio A with yl/b in the corresponding

unprimed coefficients in equations (A5) and (A6) of the asppendix. The
remaining coefficients, which are associated with the total forces and
moments on the alleron, are

5 AMex 0 2
Te = | -2 = + 3) + —=(4p* + 3 24 3 ___(]_.]._)__..

b 222y 0 :
55 (3p2 + U) + ———2-(5p% + 20p2 + 16)
36 45p0

i} 2 y 6
I = |2(p2 - 1) + M5 62 4 5) %lll(hﬂ“ + h9p? + 63)| +
Bk 67 1808

ox.0  Wlkx D iptic 3k o 1
—b—<1 + g)[ > _ 3 (g2 + 2) + _——-x—3—(354 + 1682 + 16)

i\ g 58 105p12
- 2 4 k2% 6 2x50
fis = | 22 - (g2 + 3) + ——=2-(bg* + 356° + 35) -iL1+§>—l-
pk® 287 369 AR
ux35 lLk2ng57 -
3 (382 4 b) + ——2(5p* + 2082 + 16)| + 2(x1 - %5)I5
5p0 35510

—
i

x> IMPkx2? Whedx LT
={—lm2-n+ 75m2+ﬂ- - 3_(ugk + uop2 + 63) +

3kp3 158 05k
oy S YRV = 6 MY 5% -8
—E—1+3> > _ 2 (82 + 2) + 3 (3% + 16p2 + 16)] +
3y1\ 7/ kst 358 15812
2(xy - %o)L6

ﬁ5 = ﬁ5 - 2(xq - xo)i5

g = Mg - 2(x) - %o)Tg

N\

 (35)
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In equations (35) the expression within the first set of brackets in
each equation represents the component of the coefficlent due to two-
dimensional flow, and the second term.provides the corrections for edge
effects. The correction for the inboard or sealed edge is 2/n times
that for the outboard edge of the aileron. This serves as & check. on
the calculatlons, inesmuch as it is in accord with the observations of
references 6 and 9. Equations (35) do not iticlude the contribution of
the part of reglon IIT that is off the aileron. If this contribution
were included, thereby providing overall total coefficlents for the wing-
aileron combination, the correction for the lnboesrd edge would vanish.
For an aileron whose outboard as well as inboard edge can be consldered

sealed, the expression 1 + E in equationS'Z35) should be replaced
X
oy b4/«

CALCULATIONS AND DISCUSSION

Spanwise Aerodynamic Effects

To give some indication as to the general nature of the spanwise
distribution of the different components of the 1lift and moment coeffi-
clents introduced by the presence of a control surface, these components
were evaluated for g given set of conditions at different spanwise loca-
tions. This spenwise veriation is illustrated in figure 3 for an aileron,
with a chord one-half of the wing chord and a span one-fourth of the wing
span, mounted adjacent to the wing tip on & wing of aspect ratlo 4 at a
Mach number of 1.3 and a reduced frequency k of 1/9 Figure 5(& pre-
sents the spanwise distribution of the componghts which contribute to
the wing 1ift force and moment, and figure 3(b) presents the distribution
of the components contributing to the alleron hinge moment. Two-
dimensional values of the coefficients are represented by dashed lines.
For the aforementioned set of conditlons, the Mach lines from the alleron
tips intersect on the alleron. (For stations partly within the regilon
formed by these intersecting Mach lines, see the discussion following

egs. (32))

Application to Flutter

The application -of the section force and moment coefficients devel-
oped in this paper to some particular exsmples of the flutter of a
finite-span wing with partial-span control suffaces 1ls considered of
interest. A broad systematic study, however, such as that of reference 10
which employed two-dimensional aerodynamic theory, is beyond the scope of
the present paper.
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The particular examples deal with a rectangular wing-sileron of
aspect ratio 4 at a Mach number of 1.3. This wing, without an aileron,
has been analyzed for flutter and the flutter characteristics have been
calculated and compared with experiment at M = 1.3 in reference 11,
where two-dimensional flow coefficients were employed, and in refer-
ence 12, where finite-span coefficients were employed (refer to model A-1
results of the reference papers), The following pertinent parameters of
reference 11 are used:

Aspect ratio, A . . e s e s s e e e ... Lo
Elastic-axis location, xo, referred to 2b o . . N o I8 T
Center-of-gravity location of wing-aileron combination, xm,

measured from elastic exls in semichords . . . . . . . . . . . 0.156
Redius of gyration of wing-alleron combination, ra,=\/Ia/mb2,

referred to xg - . - c e s e e .. 0.28
First natural frequency in bending @y, radianS/sec e e e ... 838
First natural frequency in torsion, ay, radians/sec O I Y
Density parameter, 1/k = m/mpb® « « « « « v v« 4 e v 4 w0 . . . 6hO

The present study considers the wing described above to have an
alleron, hinged asbout its leading edge, wlth a chord one-half the wing
chord end a span one-fourth the wing span. The aileron 1s consldered
rigid but spring restrained at the hinge. The effect upon flutter of
varylng the spanwise location of this aileron is examined for two mass-
balance conditlons. The alleron parameters assumed for this study are

yl/b et e e s e e s s e e e s e e e e e e e e e e e e e e e e 2
Aileron-hinge location, xy, referred to 2b . . . . . « . .« . . . 0.5
Reduced aileron center-of-gravity location, Xgs measured from

hinge in wing semichords . . . . . ¢« ¢ s ¢« o 2« 2 ¢ « « « « 0.22nd 0
Reduced. radius of gyration of aileron, rg =\/Ié/mb2,

referred 0 X7 + + « + + ¢ ¢ ¢ o v o 0 v e 0 e o v o . 0.125 and 0.1

Flutter analyses for three degrees of freedom in three-dimensionsal
flow.- Three degrees of freedom - namely, wing bending, wing torsion,
and aileron rotation - are involved in the present study. By the method
given in chapter IX of reference 13, the flutter determinantal equation
for the three degrees of freedom involved may be written as
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Ann Ang, Ang

Aan Aga, Ayg |= 0 (36)
Agh Aga.  App
vhere the determinant elements are _
2 1 1 W
Ahh=[ -(%)]j;zh%-gnﬁ(Li+ﬂ2)%2w
1 1
- _k
Ahm-xaj; ZyZq, dy ,t”\/;(Lﬁ"'lel-)Zth,dV
o iy 2
AhB=xﬁ/; zhzﬁdy-;nj; (L5+:'LL6)ZhZde
1 1 '
1 1
_ b -
A@_%L ZoZn AY ﬂmj; My + iMp)ZyZy 4y
2 1 1
-1 & 2., _ b4 2 L
Am_ra\: (m)}-/;z@dy ﬂnfo (Mz + iMy) 2 dy (37)

Bap = [rsz + 2x(x - xo)] f;ezazﬂ dy - ,% "f:% + iM6)ZaZg dy

[12 Zn Ay L 7VE(N iNo) ZaZn &
= X h - —K + 2 3
Agh = X " 28 AN 1 ZgZn

5 . i " 2

1 1
N2l pl 1
-y - (B f 2 _ b f o 2

A AT
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and where 13 &and 1o represent, respectively, the Ilnboard and outboard
edges of the aileron, Zn, Zq, Zg represent, respectively, the mode

shapes in wing bending, wing torsion, and aileron rotation, and the coeffi-
cients ILi, Mi, Ny are defined in equation (26). In this analysis the

wing modes 2y, and Zg were assumed to be the uncoupled first bending and

first torsion modes of & uniform cantlilever beam, while the slleron mode

was assumed to be unity. The aerodynamic integrals required in these equa-

tions are obtained by numerical lnbtegration employing the basic method shown
in sppendix B of reference k4.

After substitution of these lntegrals and parameters into the deter-
minant elements, the equations are solved, as in chapter XIII of refer-
ence 13, at several velues of the reduced frequency k for the flutter.
frequency o and aileron frequemcy ay. The results are presented as

plots of the parameter bah/c against the natural frequency ratilo as/hh

in figures It and 5. The parameter bah/c is employed here aeg in refer-
ence 10, since it is prefersble in a compressibility study rather than

the velocity parameter normaelly used in incompressible flow. The choice
of ay, rather than ay in this parameter is purely arbitrary since in

thls analysis ah/dh, 1s constant.

Figure 4 illustrates the results of the flutter analysis for the

mass-balance condition defined by the perameters xg = 0.2 and rBE = 0.125

implying a relstively rearward aileron center-of-gravity location. The
analysis was performed with the aileron in three spanwise locations on
the wing, as shown in figure 4. In figure 4(a) the aileron is in the
inboard positlon adjacent to the wing center line. In figure L(b) the
aileron is located midway between the wing center line and the wing tip
and in figure L(c), adjacent to the wing tip.

Two curves appear on these plots and regions of instability relative
to each curve are shown. The lower curve exbtends through the entlire
range of the frequency ratio as/mh, and 1s associated with a mode thset

is predominantly a combination of wing bending and wing torsion.. As ay

becomes infinite, the case of coupled wing bending torsion is approached;
the value of bah/é approached asymptotilcally is indicated by the short-
dashed line and corresponds to the result from reference 12. As ap

decreases the value of bay/c increases slightly. At a sufficlently low
value of oy & point is reached where the region of instability associated
with the upper curve appears. Since the stiffness bah/c assoclated with

this upper curve is higher than that associated with the lower curve, the
mode associated with the upper curve is the critical one for low values
of the frequency perameter ag/un.
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In figure 4 parts of the curves are estimated as indicated by the
long~dashed lines. -Over the estimated portion of the curve the reduced-
frequency parameter k 1is greater than 0.25 and beyond this value the

aerodynamic derivatives developed in the present paper become inadequate.

To provide some indication of the effects of mass balence, the con-
figurations of figures 4(b) and 4(c) are again analyzed for the mass~
balance condition defined by the parameters xg = O and rg2 = 0.100,

which places the alleron center of gravity at the hinge. These results
are shown in figure 5 where only the cases of the aileron at the midspan
location (fig. 5(a)) and at the outboard location (fig. 5(b)) are
considered.

For figure 5(a) the maximum value of “B/wh for the upper curve

is unknown and hence this curve is not closed. A comparison of fig-
ures 5(bv) (balenced alleron) and 4(c) (unbslanced aileron) shows that
the upper curve is extended to a much higher value of wg/ay, - in fig-

ure 5(b), and indicetes that a stiffer (higher frequency) aileron is
required for stability. This finding is in accordance with an observe-
tion of reference-10 that mass balance may have an adverse effect for
low supersonic Mach numbers. -

Two-degree-of-freedom subcases.- It is often deemed practical in
examining the problem of flutter for a multidegree-of-freedom configura~
tion to consider pertinent subcases under the assumption that the char-
acteristics of the solution to the multidegiee-of-freedom problem will
manifest themselves in the solutions to the pertinent subcases at some
saving in labor. To test this assumption the subcases of the present -
three-degree-of-freedom problem which involve alleron motion - that is,
the wing-bending—saileron-rotation case and the wing-torsion~alleron-
rotation case - have been considered.

The flutter determinants are obtained for the bending-aileron case
by elimineting the row and column assoclated with wing torsion from the
three~degree-of-freedom flutter determinants employed in the previous
sections. Simllarly for the torsion-aileron case, the row and column
assoclated with wing bending are eliminated. The results of this study
are shown in figures 6 and T.

The results obtained by using the finite-span coefficlents of the
present paper for both mass-balance condltions are presented for the
wing-bending—aileron subcase in figure 6 and for the wing-torsion—
aileron subcase in figure 7. The curves in figure 6 have the same form
as the upper curves in figures 4 and 5 and, sbout the same critical
ranges of bmh/c. For the alleron at an outboard location a camparison

v
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of figure 6(c) with figures 4(c) and 5(b) provides a somewhat interesting
observation; namely, that, when only two degrees of freedom are consid-
ered, the critical frequency ratio for the first mass-balance conditlon
is increased, whereas for the second or mass-balanced condition the
critical frequency seems to be slightly decreased.

In figure T are presented the results for the torsion-aileron case.
No region of instability was detected for the aileron in the inboard case.
Therefore, results are presented only for the midspan location (fig. 7(a))
and outboard location (fig. 7(b)). The curves in these figures appear
to correspond in form to the lower curves in figures 4 and 5. Whereas
mass balancing the aileron did not appear to materially affect this
stabllity boundary when three degrees of freedom were considered, for
the mode under consideration & mass-balence control surface would seem
detrimental from a flubtter standpoint when only two degrees of freedom
are considered.

CONCLUDING REMARKS

The present paper has extended the treatment of NACA Rep. 1028

and NACA TN 3076 for rectangular wings in supersonic flow to include a
third degree of freedom, namely partial-span elleron rotation. Expres-
sions for the velocibty potential and consequent section forces and moments
for the aileron have been provided to the fifth power of a frequency
parsmeter. In addition total force and moment coefficients have been

obtalned.

The section coefficlents were epplied to a particular flutter study
which attempted to compare:

(a) The flutter characteristics for the aileron in various spanwise
locations

(b) The flutter characteristics of mass-balanced and mass-unbalaaced
aillerons

(c) The flutter properties as determined from a three-degree-of-
freedom problem with properties obtained from the two-degree-
of-freedom subcases

Because of the rather limited nature of this study (for example, no Mach
number investigation was mede, only two mass-balance conditions were
employed, and only one densilty ratio was employed), the resulbs of this
investigation were not intended to be construed as conclusive bub should
aild in suggesting topies for fubure investigation.
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With regerd to the spanwise location of the aileron upon the flutter
characteristics of the wing, no conclusion can readily be drawn other
than that the inboard location of the aileron is best from a flutter
standpoint. The possible detrimental effect of applying mess balance
to the control surface in this Mach number region, shown in NACA TN 3160,
was also indlcated in this study, especlally where three degrees of ’
freedom were considered. Where finlte-span considerations were applied
to the two-degree-of-freedom gubcases, mass balance appeared to be ben-
eficial from a flutter standpoint for the wing-bending-—aileron case
but not for the wing-torsion—aileron case. The resulis of the two-
degree-of-freedom subcases appeared to reflect the flutter properties
obtained from the three-degree-of-freedom problem.

Langley Aeronautical Laboratory,
National Advisory Commlttee for Aeronautlces,

Langley Field, Va., February 9, 1956.
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APPENDIX A

COEFFICIENTS ASSOCIATED WITH WING MOTION

33

Most of the expressions in this appendix have been taken from ref-
erence 4, where they were presented as a power series containing terms
up to the seventh power of the frequency parameter . Inasmuch as the
present paper considers expsnsions to the fifth power of the frequency

parameter, the expressions of reference 4 are accordingly abridged.
ebridged expressions are repested here for the sake of completeness.

Section Coefficlents Assoclated With Wing Motion

These

For sections between the wing tip and the point where the leading-
edge Mach line intersects the trailing edge, 0 < ¥y < l/B, ‘the section

coefficients are:

i'l = Hh‘kB = = T
Lp = ;;{-l +:—?£Eaa2 - 1F, - 35’5?5] + 63—8[5@ - (8" - 482 + B)Fy + mﬁ'*?‘g,]} = Ip
ﬁ! 32

¥ — 2
-2 {_El -F o+ -;l-b:[(églF +32 - DF, - p6p2 + 5)1‘5] + 1655%-[(32 + 5)% + 12855 -

(4086 + 20g* - 562 + )Ty + 2% (152 + 13)?‘5}} - 2xgly

- LBI _ &oLl'

pex

2 1 Ton® 2 e 0F| ¢ YE[5at - 52 + DFp - 24g¥F5 + (208" + T2 - DF -
Iy Ml [a“ 1 2] 355[ 5 ]

50ﬁ10
= Iyt - 2x.Lo

“33-—[5(32 + T + 10086 - 1 + 32 - 3)F, - 20p6%F5 + (1685 + Gupl - 13 + 3)56] } - 2x5lp

> (A1)

J
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My - X El - %(352 +2) + 31216{2[&2 - 35“'§3 + p%(58? + h)?;l - 21y “
px B 38
=M - 2%l !
Mp = ?:?{iiwﬁﬁﬁaaa - 1)Fp - (4p2 + 1)5'13 “'%Eﬁa - 2(eph - lsz+ )P, + (2 + 8% - 1)56}} " Bote
= Mp' - 2oL
Mym 3L By i BT o Tieph 4 32 - DFp - (208t + 2292 + )y # ﬁa—[ﬁ(bz + 5)Fp + 325F; - > (a2)

2(4086 + 208k - 582 4 3)'5‘1; + (5556 + Gupht 4 1152 - 1_)56] } - a:o(nl + L1z + 2x°1'..1)

=M3' - 2,00 + I3’ - 2x50))
o - (282 b . g2 . 2(ea2 atdl o
My = o {p [21’*1 (292 + 1):*3] [as B2 + 1)Fs - 6375 + a_(5a + m-] ey [5(5 * D +

5(6p5 - hp¥ & 362 - )Ty - 9056555 + op{2882 4 19)57] }- 2xo (Mo + Ly + 2xolo)

= My' - Sxo(M2" + Iy’ - 2x0lp")

In equations (A2)
ﬁn = Fn(l;Y)

For sections inboard of the point where the leading-edge Mach line
intersects the trailing edge, 1/B < ¥y, the section coefficients are:

S

1 M2
-l o ME 82 4 5) 21"
I S el Iy
M3k
L2=ﬁk-;5—

Ml-—p-k—(l-l-ﬁ + 7) = L2 )
> (43)

L3=—-—(52+3)+ﬁ2—(1+a"+5592+35) - 2%y = I3' - 260’

Mhe3
- @2 - b 2 4 63) - e L' - 2x¢lp’
Ly —_(531;& l)+637ﬂ +5) J.ﬂo__ﬂa 4% + 49g2 + 2%l
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b 432
M= — - (482 + 5) - 21
YT 33 T 1sg7 ol
= Ml' - a{oLl,
2 by 3
Mo = L ﬂ.+m—k(hﬁ2+7) - 2x.Lo

2.2
My = Lo L (g2 4 3) ¢ MES0h o son oo 2oty + L3 + 2xl) ¢ (ak)
B> 285 3689

= Mz' - 2x(Mp ' + L3' - 2517 ")

2,
M, = £ (32 - 1) 4 l““—}7‘(542 +5) - M 00 4962 4 65y
158

383K 1058
2o(Mp + Ly + 2xoLp)
= Mh_' - 2}(0(M2' + Iyt - 2xoLo") J

Total Coefficients Associated With Wing Motion

Expressions for the coefficients of equations (33) not provided in
the body of the paper are as follows:
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38 45p0

3 A [l
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58 105g
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Figure l.- Sketch illustrating coordinate system and degrees of freedom
of rectanguler wing-aileron configuration.



Figure 2.- The regions of the alleron pertinent to the calculation of sec-
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Figure 3.- Spanwise distribution of components of lift-force and moment
coefficients introduced by the presence of a control surface. M = 1l.3;
k=1/9; A=14; and yy/b=2.
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(b) Coefficients contributing to aileron hinge moment.

Figure 3%.- Concluded,
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Figure 4.~ Flutter parameter bah/c plotted against frequency ratio
wgﬁwh for various aileron locations. Three degrees of freedom;
M= 1.3; xg = 0.2; rB2 = 0.125. (Other parameters for wing and

aileron are given in the text.)
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Figure 5.~ Flutter parameter bay/c plotted against frequency ratio
wg /oy for various alleron locations. Three degrees of freedom;

M= 1.3; x5 = 0; rB2 = 0,100, (Other parameters for wing and aileron

are given in the text. )
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